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Dynamic and Thermal Effects 


GENERAL CRITERIA 

Before embarking on a tedious course of dynamic analysis, however, it is well to 
keep in mind certain principles and rules of thumb. Assuming that we can estimate 
the time of load application for a particular design case, and assuming that we can 
either measure or calculate the natural period of vibration of a component, the 
loading can be considered as static if 

Time of load application 
Natural period of vibration 

Although in the intermediate range of dynamic considerations the static stress anal¬ 
ysis is still applicable, the mechanical properties of the material may be sufficiently 
altered to be included in the calculations. As a rough guide this condition corre¬ 
sponds to 

^ Time of load application < 

~ Natural period of vibration ~ 

Finally, when the structure is subjected to impact or shock, static analysis becomes 
pretty much meaningless and rigorous solutions of the problems, if possible at all, 
become exceedingly complex. An example of this is a bullet fired at a plate, where 
the dynamic properties of both materials involved must be considered. This occurs 
when 


Time of load application 
Natural period of vibration 


< 0.5 


The concepts of fatigue and inertia loading are discussed in theoretical books some¬ 
what differently, because the loads are developed from the equations of motion and 
then stresses are calculated on the assumption of static behavior [21]. 


DYNAMIC STRENGTH 

It is well to note that yield strength of a low-carbon steel increases with increasing 
the rate of strain comparatively more than that for a high-strength steel. This point 
is illustrated in Fig. 11.1. The problem is, however, that the best data obtained so 
far have been derived from uniaxial rather than combined stress conditions. The 
characteristics shown in Fig. 11.1 also apply to most materials when tested at higher 
temperatures. The effect of strain rate on the compressive strength of concrete and 
similar brittle materials has also been measured [42]. It is also known that each 
material has its own value of the critical normal fracture strength under purely 
dynamic conditions [43]. Examples of such data are given in Table 11.1. 

Materials data of this type are not readily available in reference handbooks. 
Also, some of the extreme values shown are used only in explosive forming design 
where significant shock pressures must be postulated. The development of the type 
of data indicated in Table 11.1 involves rather advanced testing techniques [44]. 



